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T. rubrum 1/10 sabouraud dextrose 27 1
0.1% Tween 80 PBS + Tween 80, pH 7.0
PBS + Tween 80
5.
96 MIC
2 9.8- 10000 g/ml
0.1%Tween 80 Mueller-Hinton
2.5 × 105 /ml T. rubrum 27 7
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Multiskan Ascent, Thermo Fisher Scientific Inc. 630 nm
MIC
MIC 100 l potato dextrose
27 3 MFC
MFC
S. epidermidis MIC 30 24
MBC 30 3
6.
Inouye Inouye et al., 2007
8 cm 15 ml potato dextrose 3%
1.0 × 107 27 3
7 mm
10 ml 1% dimethyl sulfoxide DMSO
1% DMSO 50 100 g/ml
27 37 42 20 10 ml
sabouraud dextrose
27 8





Potato dextrose T. rubrum 5 mg 1 mM EDTA 5 mM 2- 
mercaptoethanol 15% glycerol 1 g/ml leupeptin 100 M phenylmethylsulfonyl fluoride PMSF
50 mM Tris- HCl pH 7.5  2 ml 16,000 × g
10 min 4 T. rubrum PC 50 mM Tris- HCl (pH 
7.5) 1 mM EDTA 5 mM 2- mercaptoethanol 15% glycerol DNA
DNA DNA II IMP
in vitro 37 
Fig. 1. 1 , 1996; , 1997; , 1999; , 
2000; , 2007 0.05 U
Fig. 1. 1 In vitro DNA polymerase inhibitor assay scheme. 






ULBON HR-SS-10 ( , 0.25 mm × 50 m) 
60  (1 min)  5 /min  220  (7 min) 








MIC MFC 313 g/ml C. japonica
Table 1. 1 3
T. dolabrata T. rubrum
C. obtusa




2. T. rubrum DNA
T. rubrum in vitro 100 g/ml
T. rubrum DNA 50% IC50 21 
g/ml Fig. 1. 2
T. rubrum DNA T. 
rubrum
T. rubrum DNA
Table 1. 1  T. rubrum MIC and MFC values of essential oils.
  The cedar cask oil was extracted from sake-cask by the steam distillation method, and the others were 
commercially available essential oils extracted from xylem by the same method. 
MIC test : The microbroth dilution method was applied. Mueller Hinton broth containing 0.1% Tween 
80 inoculated with microconidias in the micro plate was incubated at 27  for 7days followed by the 
measurement of absorbance at 630 nm. 
MFC test : After the MIC tests, 100 l broth were transported to a new potato dextrose agar plate and 
incubated at 27  for 3 days. 




Inouye Inouye et al., 2007 T. 
rubrum
50 100 g/ml 27 37 40 20
Fig. 1. 3 50 g/ml 20
27 5.2% 37 16.0% 42 10.4% 37 
42 27 
8 g/ml
27 37 42 
Fig. 1. 2  Inhibitory effects of essential oils on the activity of T. rubrum DNA polymerase. 
DNA polymerase activity (0.05 units) in the absence of essential oil was taken as 100%, and relative 
activity is shown. Date are presented as the means ± standard error (n =3). 




al., 2010; Lai et al, 2010
S. epidermidis MIC MBC
MIC 156-312 g/ml MBC 5000 g/ml
Fig. 1. 3  Effects of immersion in essential oil of used cedar cask solution on the viability 
of T. rubrum mycelia. 
Agar blocks implanted with T. rubrum were immersed in 1% DMSO solution containing 0, 50 
or 100 g/ml of essential oil extracted from used cedar cask for 20 min at (A) 27 , (B) 
37 , (C) 42 . Surviving cells (%) = viable sells / initial inoculum × 100 ± standard error 
(n =4). 
Reprinted from Takao et al., 2012. 
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S. epidermidis Table 1. 2
-pinene sabinene
MIC 25- 500 g/ml
Cha et al., 2007
Cheng et al., 2005 S. 
epidermidis S. epidermidis DNA
IC50 60 g/ml IC50 >1000 g/ml
T. rubrum
Table 1. 2  S. epidermidis MIC and MBC values of essential oils. 









-eudesmol Fig. 1. 4 T. rubrum Table 1. 4
11.55% epicubenol MIC 250- 500 g/ml
Table 1. 3 Sesquiterpenoids composition of essential oils extracted from Japanese cedar. 




epicubenol MIC 313 g/ml
T. rubrum
7. T. rubrum DNA
1 3 6 3 T. rubrum DNA
IC50 epicubenol -cadinene -eudesmol
Table 1. 5 1 3 6
Fig. 1. 4  Structures of the sesquiterpenoids present in essential oil of used cedar cask.  
(A) -cadinene, (B) epicubenol and (C) -eudesmol 
Reprinted from Takao et al., 2012. 
Table 1. 4  T. rubrum MIC values of sesquiterpenoids from essential oil of used cedar cask. 
Reprinted from Takao et al., 2012. 
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epicubenol T. rubrum DNA IC50 42








Table 1. 5  IC50 values of sesquiterpenoids from essential oil of used cedar cask 
against the activities of DNA metabolic enzymes from T. rubrum. 
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Fig. 2. 1  HPLC analysis of ferulic acid (including dihydroferulic acid) in sake. 
(A) Regular sake (not stored in a cedar cask). (B) Taru-sake (stored in a cedar cask).  
(C) Authentic preparation of ferulic acid 






Fig. 2. 2  Mass spectrum of ferulic acid in GC/MS analysis. 
The fraction corresponding to the peak at 13.8 min in HPLC analysis of taru- sake (Fig. 
2. 1) (A) and an authentic ferulic acid (B) were subjected to GC/MS analysis, following 
trimethylsilylation. 
Reprinted from Takao et al., 2012 (in Japanese). 
24 
13 15 mg/L Fig. 2. 3
M. del Alamo Sanza et al., 2004
Saka S. et al., 2006
Fig. 2. 3  Time course of the ferulic acid (including dihydroferulic acid) content in taru- 
sake. 
Sake was stored in a Japanese cedar cask at room temperature for 2 weeks. Ferulic acid 
content in sake was measured by HPLC. 
Reprinted from Takao et al., 2012 (in Japanese). 
25 
3.
-cadinene epicubenol cubenol -eudesmol cryptomerione
L. fructivorans L. hilgardii L. paracasei
Table 2.1 epicubenol
-cadinene 2
3 -eudesmol L. fructivorans
L. paracasei L. hilgardii cubenol
cryptomerione L. paracasei
-cadinene
epicubenol -eudesmol L. fructivorans L. hilgardii
Table 2. 1  Antibacterial activity of sesquiterpenoids and ferulic acid against hiochi
bacteria in paper disk agar plate method. 
Reprinted from Takao et al., 2012 (in Japanese). 
Antibacterial activity was evaluated as the diameter of growth inhibitory area. Each value is 
represented as the mean diameter  standard error (mm) (n = 8).
26 
, 2007 L. fructivorans
Fig. 2. 4 -cadinene
epicubenol 2 mg/L 10 CFU 0
L. fructivorans -eudesmol
10 mg/L 6 mg/L
-cadinene epicubenol 100 mg/L
Fig. 2. 4  Growth inhibition effects of sesquiterpenoids and ferulic acid on hiochi
bacteria (L. fructivorans) in sake (adjusted 10% ethanol concentration). 
(A) -cadinene; (B) epicubenol; (C) -eudesmol; (D) ferulic acid 
Reprinted from Takao et al., 2012 (in Japanese). 
27 
L. hilgardii Fig. 2. 5 L. fructivorans





, 1988 , 
Fig. 2. 5  Growth inhibition effects of sesquiterpenoids and ferulic acid on hiochi
bacteria (L. hilgardii) in sake (adjusted containing a final concentration of 10% ethanol). 
(A) -cadinene; (B) epicubenol; (C) -eudesmol; (D) ferulic acid 
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Fig. 3. 1  Measurement of perceived intensity of mayonnaise and greasy aftertaste after 
drinking sake. 
n = 32, mean ± standard error, *p < 0.05 






Fig. 3. 2  Interfacial tension between cooking oils and sake. 
n = 10, mean ± standard error, *p < 0.05  regular sake,  taru-sake 







Fig. 3. 3  Interfacial tension between refined fish oils and sake.  
Refined fish oil A containing abundant EPA and B containing abundant DHA. 
n = 10, mean ± standard error, *p < 0.05 regular sake,  taru-sake 





Fig. 3. 4  Interfacial tension between soybean oil and regular sake added with a 
taru-sake specific constituent. 
Final concentration of each additional constituent is 1 mg/L. 
n = 10, mean ± standard error








Fujita A. et al., 2010; 
Tamura T. et al., 2009
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Vs
Vr Vi Vs Vr
Va Vr Vr Fig. 4. 1
20 30 
39 
Fig. 4. 1  Procedure of umami initial taste and aftertaste measuring by taste sensor. 
 After the standard electric potential measuring, umami sensor is soaked in food sample then it is 
soaked in cleaning solution, finally remaining aftertaste is measured in the standard solution. We 
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Folin- Ciocalteu 1 ml Folin- Ciocalteu 1 ml 10%
1 ml 1 700 nm
41 
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Dubois M. et al., 1956 1 ml 5%
1 ml 5 ml 490 nm
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5 10 (Fig. 4. 2)
2
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Y. et al., 2010
Hayashi N. et al., 2006; Hayashi 
N., et al., 2008; Uchiyama Y. et al., 2011 Ishizaka T. et al., 2007
Fig. 4. 2  Umami aftertaste in the broth of steamed clams using a sensory evaluation 
technique.  
After tasting the broth followed by rinsing in the mouth with regular sake ( ) or taru-sake ( ), 
the umami aftertaste of the broth was evaluated on scale of 1 to 5 in 0, 5, and 10 seconds. A 
student's t-test was used to determine any significant differences between zero time and 5/10 
seconds after. n = 30, the bars indicate mean ± standard error, *p < 0.05 
Reprinted from Takao et al., 2015 (in Japanese). 
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Fujita A. et al., 2010; Tamura T. et al., 2009
Fig. 4. 3  Quantitative evaluation of umami aftertaste using an artificial taste sensor.  
Steamed clams (A), seasoning soy sauce (B), broiled eel (C), and raw tuna (D) were used for food 
samples, and regular sake or taru-sake was used as substitutes for the reference solution when 
rinsing a sensor for aftertaste (Va) measurement. Bars not sharing a letter are significantly different 
according to the Tukey test (*p < 0.05). n = 6, and bars indicate mean ± standard error. 










Fig. 4. 3 Va
20% Va
Fig. 4. 4  Evaluation of aftertaste of umami- tasting solutions using a taste sensor.  
5 mM monosodium glutamate (A), 5 mM disodium succinate (B), 2.5 mM disodium 5'-inosinate 
(C), and 2.5 mM disodium 5'-guaniate (D) were used for aftertaste (Va) measurement, and 15% 
ethanol, regular sake, or taru-sake was served in place of the reference solution for rinsing a sensor. 
Bars not sharing a letter are significantly different according to the Tukey test (*p < 0.05). n = 6, and 
bars indicate mean ± standard error. 







 (Fig. 4. 5)
Table 4. 1  Total sesquiterpenoid contents in taru-sake preparations. 





0.083 0.167 0.33 25 50 100
10 2.5 5 10
25 50 100
Vi Va
Fig. 4. 5  The effect of cedar extract on aftertaste measurement of seasoning soy sauce using 
a taste sensor.  
Fifteen percent ethanol, hot water extract, and ethanol extract from cedar chips (Both final ethanol 
concentrations were adjusted to 15%) were used for rinsing a sensor as mentioned above. The 
asterisk shows a significant different according to the Tukey test (*p < 0.05). n = 6, and bars 
indicate mean ± standard error. 





 (Fig. 4. 6)
Fig. 4. 6  The effect of additive sake concentrate on aftertaste measurements of seasoning 
soy sauce using a taste sensor.  
A volatile fraction (ether- pentane extract) of 300 times concentrated regular sake (  ) and 
taru-sake (  ) were added to seasoning soy sauce by 0.083%, 0.167% and 0.33%, and  initial 
taste (Vi, A) and aftertaste (Va, B) of umami were measured according to the instruction of the 
taste sensors. A nonvolatile fraction (vacuum- concentrate) of 10 times concentrated regular sake 
(  ) and taru-sake (  ) were added to seasoning soy sauce by 2.5%, 5.0% and 10.0%, and Vi (C) 
and Va (D) were measured according to the instruction of the taste sensors. Bars indicate mean ± 
standard error. n = 6, *p < 0.05. 






Table 4. 2  Total polyphenol and total sugar contents in sake. 
Reprinted from Takao et al., 2015 (in Japanese).
Concentrationof total polyphenol was measured by the Folin Ciocalteu 
method and expressed as gallic acid equivalent. Concentration of total 
sugar was measured by the phenol-sulfuric method and expressed as 
glucose equivalent. 
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